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ing by ElAbstract Background: Carotid body tumors (CBTs) represent a challenging problem in both
diagnosis and curative treatment. MSCT angiography and MRI are established methods for CBTs
diagnosis.
Aim of the study: Retrospective MSCTA and MR imaging analysis were reviewed in order to get
objective geometric criteria compared to operative shambling classiﬁcation.
Materials and methods: 15 CBTs cases in 14 patients (one patient had bilateral tumors) were
included in this study; surgical resection was done successfully in all and surgical data analysis
including Shamblin classiﬁcation were revised. Their preoperative MSCT angiography and/or
MR images were re-studied using geometric objective criteria including the angle of circumferential
encasement (ACE) of the internal carotid artery (ICA) by the tumor, the angle of splaying (AS) of
carotid bifurcation, maximum diameter in craniocaudal direction (MD), and the free distal segment
(DS) of extracranial ICA above the tumor. Radiological and Surgical data analysis were compared
and the results were obtained.
Results: Retrospective radiological geometric imaging analysis showed tumors tendency to have
ACE less than 180 in Shamblin I, and between 180 and 270 in type II and more than 270 in type
III. In a similar way, AS was less than 60 in most of type I tumors, 60 to less than 90 in type IIm (R.O. Kaddah).
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374 R.O. Kaddah et al.and equal or more than 90 in type III tumors. Tumor size had limited impact on Shamblin
classiﬁcation and DS had its impact on decision of surgical resection and ICA revascularization,
surgical data analysis revealed four cases of type I, six cases of type II and four cases of
type III.
Conclusions: Geometric objective criteria obtained by MSCT angiography and/or MRI are very
important in preoperative planning of CBTs surgery. The degree of circumferential encasement
of ICA, the angle of splaying of the carotid bifurcation are appreciable criteria predicting Shamblin
type of CBTs. These objective geometric criteria had a critical impact on the surgical outcome and
vascular morbidity.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Carotid body tumors (CBTs) are slow-growing hypervascular
tumors arising from paraganglionic cells of the carotid body
that account for more than 50% of head and neck paragan-
gliomas. Surgery is the gold standard for the curative treat-
ment of CBTs which is usually challenging because the
tumor is often intimately adherent to the carotid vessels (1).
The incidence of mortality related to CBT surgery has been
signiﬁcantly reduced; however, the incidence of peri-operative
neurovascular complications, especially cranial nerve (CN)
deﬁcit and intraoperative bleeding, remains considerable
(2,3). Hence, the continuous need for meticulous preoperative
planning and careful patient selection targets a more successful
surgical outcome.
Shamblin et al. (4) introduced a classiﬁcation system based
on tumor size, classifying small tumors which could easily be
dissected from the vessels as Group I. Group II includes tu-
mors that are intimately associated and compresses carotid
vessels, but that could be resected with careful subadventitial
dissection. Group III consists of tumors that are large and typ-
ically encase the carotid artery, requiring complete or partial
vessel resection and replacement. However, Shamblin’s classi-
ﬁcation continues to classify tumors on operative basis rather
than preoperatively. Hence, its implication on perioperative
complications or surgical outcome has not been clearly docu-
mented in Refs. (5–7).
MSCT angiography and MR imaging are the best imaging
modalities used in the diagnosis and preoperative work-up of
the CBTs and provide relevant information for surgical plan-
ning. However, most reports on the diagnosis and surgical
management of CBTs do not mention speciﬁc or consistent
objective imaging criteria to predict Shamblin type (8,9).
MSCTA and MR imaging analysis were revised in order to
get objective geometric criteria compared to operative sham-
bling classiﬁcation.
2. Materials and methods
2.1. Patients
This retrospective study was carried out mainly at Kasr El Aini
and Naser Institute between 2006 and 2010 and included 14
patients with 15 CBTs. One patient had bilateral tumors in
which the left side was not operated upon. The age range
was 21–46 years, with a mean of 35.5 years. Six were males
and eight were females. Preoperative MSCT angiography
and/or MRI were revised for the objective geometric criteriaby two senior radiologists with an experience of 10 and
15 years, and were compared with the surgical results of CBTs
excision and their Shamblin classiﬁcation, image analysis was
done focusing on four main objective geometric criteria:
ACE, AS, MD, and DS.
Surgery had been done successfully in 14 CBTs. None of
the cases had family history of the tumor and there was no pre-
operative tumor embolization. Conventional periadventitial
dissection adopted surgical technique in all cases. External car-
otid artery was sacriﬁced if necessary. Vascular reconstruction
was planned especially in large tumors or those adherent to
ICA as discovered during dissection. Routine shunting was
not mandatory. Tumors were assessed for their Shamblin type.
Postoperative histopathological examination conﬁrmed the
diagnosis of CBTs in all cases.
Both surgical and radiological ﬁndings were compared and
suggested that objective criteria were obtained preoperatively
for better surgical outcome.
2.2. Radiological protocol
2.2.1. MSCT angiography
It was done using a multislice CT (Toshiba aquilion 64) using
two tube high pressure injectors, 80 ml of ultravist was intrave-
nously injected with a ﬂow rate of 3.5–4.5 ml/s, and followed
by 30–50 ml saline with the same injection rate. In the arterial
phase, bolus tracking was applied (ROI inside the carotid ar-
tery, trigger-threshold 100 HU) with an individualized delay
time. The scan range was from the thorax entrance to the
top of the head. Venous phase acquisition was 60 s after the
arterial phase. parameters were set as follows: collimation
0.75 mm, pitch 1.15, effective thickness 0.6 mm, reconstructive
interval 0.4 mm, voltage 120 kV, tube current 180 mAs, rota-
tion time 0.33 s, and scan time 0.5 s. Arterial phase images
were analyzed and made for MSCTA using the post-process-
ing workstation (volume wizard). Three-dimensional volume
reconstruction of neck vessels (Volume rendering (VR), maxi-
mum intensity projection (MIP), and multiple planar recon-
structions (MPR) imaging were acquired.)
2.2.2. MR imaging
MR imaging had been performed on a 1.5 T magnet. The MR
images acquired were axial and coronal spin-echo T1-weighted
(TR, 330–600 ms; TE, 8–15 ms); axial and sagittal fast spin-
echo T2-weighted (TR, 3500–4500 ms; TE, 80–110 ms); coro-
nal and sagittal short tau inversion recovery (STIR) (inversion
time, 150 ms); and post-contrast axial, coronal, and sagittal
T1-weighted sequences. A dedicated neck surface coil was
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the cases with no intersection gap. Post-contrast studies had
been performed after injection of 0.1 mmol/kg of Magnevist.
The matrix used was 256 · 256, and the FOV was 220 mm.
2.2.3. Image analysis
The information recorded included tumor location, character-
istic MSCTA and MR imaging features, axial dimensions, and
the craniocaudal extent of the tumor from which tumor size
(TS) was calculated and expressed in the form of maximal
diameters instead of tumor volume. Maximum ACE was
searched for in the axial cuts while the AS and DS were
searched for in the sagittal and/or coronal cuts.
Both ACE and AS were measured by the inbuilt angle mea-
surement tool on the PACS system or manually on the images.
MSCTA axial CT cuts, Sagittal and coronal Volume rendering
views, MRI axial T2-weighted, axial, and coronal post-con-
trast T1-weighted sequences were used for the measurement
that was comparable on both sequences. The maximum ACE
was calculated by measuring the angle between two intersect-
ing lines passing from the center of the ICA to both sides ofFigure 1 A schematic diagram demonstrates the measurement of
the angle of circumferential encasement (ACE) of ICA by the
tumor. This is done by drawing two intersecting lines from the
center of ICA and the points of contact with the edges of the
tumor. (A) shows Type I tumor the angle ‘‘Al’’ is obtained
between the two intersecting lines. (B) Type II and III tumors: the
angle measurement tool automatically measures the smaller angle
‘‘A2’’ (less than 180) between the intersecting lines. The actual
angle A1 is the difference between 360 and measured angle ‘‘A2’’
(360-A2).9
Table 1 Demographic data and clinical presentation of study patie
Patient number Age Sex
1 30 F
2 33 F
3 36 F
4 29 M
5 33 F
6a 21 M
7 42 F
8 35 F
9 39 M
10 38 F
11 44 M
12 30 M
13 26 F
14 46 M
a Previous attempt of LN biopsy as was wrongly diagnosed.the tumor (Fig. 1). Similarly, AS was measured in sagittal or
coronal cuts according to the maximum splaying view whether
antero-posterior or mediolateral. In addition, special concern
to DS is considered. Multislice CT axial cuts for angle of con-
tact, tumor size, AS and DS (coronal or sagittal views) were
obtained.
3. Results
Between 2006 and 2010, 14 patients (8 females and 6 males)
with 15 CBTs were involved in this retrospective study. The
most common presentation was a slow-growing mass which
was found in 10 patients while 4 patients were misdiagnosed
as having cervical lymphadenopathy that later proved to be
CBTs with attempted biopsy in two (Table 1). There was no
evidence of familiar predisposition in any of the cases. This
study had not been previously approved by the faculty of the
Ethical committee since this was a retrospective study. Will
be no ethical approval was obtained since this was a retrospec-
tive study.
3.1. Results of MSCT and MR imaging analysis
CBTs expand in either mediolateral, or anteroposterior, its
volume is not important as the maximum diameter especially
in craniocaudal axis. Consequently maximum diameter was
chosen as an indicator of tumor size of CBTs. The maximum
diameter of CBTs included in this study ranged between 3.5
and 9.18 cm in the craniocaudal direction. ACE was found
to be less than 180 in 4 cases (mean 108.7 ±17.05)
(Fig. 2A), between 180 to less than 270 in six patients (mean
215.8±22.85) (Figs. 3A and 4B), and ACE equal to or more
than 270 in four patients (mean 305±43.5) (Fig. 5A and B).
One of them was bilateral and the right side was type II
(Fig. 4A), AS was less than 60 in 4 cases (mean 45
±12.24) (Fig. 2B), between 60 to less than 90 in 6 cases
(mean 77.25 ±9.07) (Figs. 3B and 4C), and equal to or more
than 90 in four cases (mean 91.25 ±2) (Fig. 5C). DS range
was 2–5.5 cm (Tables 2 and 3).
MRI identiﬁed all the tumors as hyperintense elliptical
masses splaying the common carotid artery (CCA) bifurcation
in T2-weighted sequences. Nine of the tumors splayed thents.
Side Clinical presentation
Right Painless swelling
Left Painless swelling
Right Painless swelling
Left Wrongly diagnosed as lymph node
Left Wrongly diagnosed as lymph nodea
Right Painless swelling
Left Painless swelling
Right Painless swelling
Left Painless swelling
Bilateral Painless swelling
Right Painless swelling
Left Painless swelling
Right Wrongly diagnosed as lymph nodea
Left Wrongly diagnosed as lymph node
Figure 2 Type I CBT. (A) and (B) MRI axial and coronal postcontrast T1WIs respectively show an elliptical shaped hyperintense
enhanced mass in the right carotid space causing splaying of the carotid vessels. MRI results: ACE = 110, AS = 55. (C) Photoimage
shows CBT is completely dissected out and classiﬁed surgically as Shamblin I.
376 R.O. Kaddah et al.arteries in an anteroposterior direction (Fig. 3B), whereas six
tumors splayed the vessels medially and laterally. Postcontrast
images showed intense enhancement in all the tumors. Diagno-
sis relied on the presence of splaying of carotid vessels and the
presence of intense enhancement at the carotid bifurcation.
Similar results were obtained from MSCT angiography with
more information on vascular supply of the tumor. Neither
of the tumors displayed intracranial extension nor had any evi-
dence of the nodal metastases.
3.2. Surgical results
Conventional periadventital dissection was successful in the
resection of 14 CBTs. Operative Shamblin classiﬁcation of
CBTs was found to be Shamblin type I in four (Fig. 2), type
II in six (Figs. 3 and 4) (One was bilateral and the right side
was type II and left side was not yet excised.) (Fig. 4) and four
belonged to Shamblin type III (Fig. 5). Ligation of the ECA
was necessary in two cases to cut off blood supply and facili-
tate dissection (Fig. 3D), in Shamblin type III patients, and
vein patch angioplasty in a Shamblin II case. Postoperative
complications occurred in three patients of type III group in
the form of postoperative wound hematoma in two cases
and hypoglossal nerve injury in one patient. These complica-
tions were managed conservatively. There was no periopera-
tive mortality or neurological deﬁcit.3.3. Comparing the surgical results with their corresponding
radiological geometric ﬁndings
Shamblin type I tumors (four cases) had MD less than or equal
to 4 cm in three cases where one case was easily dissected off
the ICA while its size was as big as 6 cm. ACE was less than
180. AS was less than 60 and DS ranged between 4 cm and
5.5 cm.
Shamblin type II tumors (6 cases) had MD of 4–5.9 cm.
ACE was between 180 to less than 270 in all cases. AS ranged
between 60 to less than 90 in 5 cases and it was 90 in 1 case.
DS length was 2.5–4.5 cm.
Shamblin type III tumors (4 cases) had MD of 6.5–9.18 cm
(Figs. 5 and 6). ACE was more than 270. AS was equal to or
more than 90. DS length was 2–3.3 cm.
3.4. Comparison of lower grade (Shamblin I and II) with high
grade group of (Shamblin III) III) tumors
Shamblin type I cases were excised safely without difﬁculties.
Surgical technique mandated ECA ligation in two cases with
Shamblin type II to devascularize the tumor and facilitate dis-
section. Vascular morbidity was avoided by ICA revasculariza-
tion using saphenous vein graft in 2 cases and vein patch
angioplasty in one of 3 cases with Shamblin III. Postoperative
complications occurred in Shamblin III cases as postoperative
Figure 3 Type II CBT. Multislice CT angiography (MSCTA) (A) axial cut after post contrast enhancement shows a large left hyper-
enhanced vascular mass in the left carotid space, the (ACE) is the difference between 360 and the measured angle (160), that is, 200. B)
Sagittal volume rendering (VR) view shows the AP extension of the tumor. AS = 80. (C) photoimage shows: ECA ligation as a primary
step before dissection. Case was classiﬁed surgically as Shamblin II.
Figure 4 Type II CBT on the right side, (A) MSCTA coronal 3D VR shows bilateral carotid body tumors more prominent and larger on
the right side. (B) Axial postcontrast CT shows the right angle of encasement which is the difference between 360 and the measured angle
(118.5) is 241.5 (C) sagittal MPR view shows the angle of splaying of the carotid vessels which is 68.5.
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hypoglossal nerve palsy later improved postoperatively. Ta-
ble 2 (Perioperative out come and complications).
4. Discussion
Surgery is considered the basic standard curative method in
the treatment of CBTs requiring complete excision of thetumor together with the preservation of vital neurovascular
structures. An issue that remains a true surgical challenge is
classically associated with a 15–30% incidence of cranial nerve
injury (10). Full awareness of the CBTs by MSCTA and MRI
is a crucial factor allowing earlier detection and management
with resulting lower incidence of the postoperative complica-
tions (11,12). Some studies considered CBTs not amenable
to preoperative classiﬁcation (13), however, Shamblin classiﬁ-
Figure 5 A bulky type III CBT. (A) Axial T2-weighted MR image showing an type III right-sided CBT as a brightly hyperintense mass.
The ICA is completely encased (360 circumference of contact). (B, C) MSCTA axial and sagittal cuts show a huge right carotid body
tumor measuring 5.6 · 6.1 cm. The ICA is completely encased ACE= 360, AS = 90. (D) Postoperative coronal cuts show MSCTA
with patent saphenous vein bypass graft used for ICA reconstruction. Photoimage (E) Scar of the previous trial of surgery being
misdiagnosed as lymph node. (C) The tumor is completely excised with ICA reconstruction by reversed saphenous vein graft. This case
was classiﬁed surgically as Shamblin III.
Table 2 MSCTA and MRI imaging analysis results correlated with operative Shamblin classiﬁcation and perioperative outcome.
Patient number MDa (in cm) ACEb ASc DSd (in cm) Surgical Shamblin type
1 6 110 55 4 I
2 3.8 100 40 4.9 I
3 4 105 30 4.5 I
4 5 240 90 2.5 II
5 7.3 320 95 2.3 III b
6 4 190 65 4.4 II #
7 5.9 200 80 4.5 II #
8 8 270 90 2.1 III
9 3.5 120 55 5.5 I
10 5.5 245 68.5 3.5 II 
11 6.5 270 90 3.3 III b
12 4.9 200 80 3.5 II
13 9.18 360 90 2 III X
14 5 220 80 4.1 II
Perioperative outcome and complications: # = ECA ligation, O= ICA reconstruction, a=Hypoglossal nerve palsy, b=wound hematoma,
= bilateral CBTs with right side operated.
Radiological criteria.
a MD is maximum diameter.
b ACE is the angle of circumferential encasement of the ICA by the tumor.
c AS is the angle of splaying of carotid bifurcation.
d DS is the distal free segment of the ICA above the tumor.
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Table 3 Mean and standard deviation value of the MD, ACE, AS and DS in three types of shambling classiﬁcation. Comparison of
Shamblin I, II with III.
MD ACE AS DS
Shamblin I Mean ± SD 3.7 ± 0.24 108.7 ± 17.05 45 ± 12.24 4.72 ± 0.63
Shamblin II Mean ± SD 5.05 ± 0.64 215.8 ± 22.8 77.25 ± 9.074 3.76 ± 0.76
Shamblin III Mean ± SD 7.7 ± 1.13 305 ± 43.5 91.25 ± 2 2.62 ± 0.67
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although it lacks a sharp relationship between the tumor size
and actual surgical type (14).
According to the original report described by Shamblin, the
most common aspect of classiﬁcation was the size of the tumor
considering a linear relationship between the tumor size and
Shamblin type. But again, the smaller sized tumors are not ex-
empted from invading the carotid vessels circumferentially in a
pattern requiring ICA sacriﬁce and reconstruction (15,16).
Other studies focused the classiﬁcation of CBTs on the degree
of maximum encasement of the ICA by the tumor (9). Other
aspect was to describe the degree of splaying of CCA bifurca-
tion by CBT as does other neck tumors (17,18).
In this study, surgical ﬁndings and complications were re-
vised and compared to the preoperative radiological ﬁndings
trying to collect all possible geometric criteria that can actually
predict the surgical situation and expect Shamblin classiﬁca-
tion before surgical excision. This study focused on four differ-
ent criteria each has its merits on the surgical outcome. CBTs
size expressed as maximum diameter length of the tumor was
proportionate to the Shamblin type in most cases. However,
this was not the situation in one case where a 6 cm CBT mass
was easily dissected and proved to be Shamblin type I in spite
of the large size. While the opposite was faced when a 4 cm tu-
mor was difﬁcult during subadventitial dissection and needed
ECA ligation for complete excision and was classiﬁed at the
end of surgery as Shamblin type II.
Several studies suggested ACE at 270 to be the critical
point after which resection of the ICA is likely (9). In the cur-
rent study, it was very evident that Shamblin type is persis-
tently related to the more ACE of ICA. Type I cases had an
ACE below 180, type II cases had ACE between 180 and
270 while type III patients had ACE more than 270. Those
cases with an angle of 270 or more had ICA reconstruction
in three cases, postoperative hematoma in 2 and hypoglossal
nerve palsy in one denoting surgical difﬁculties as usual in
Shamblin type III tumors. Similarly, some studies stated that
AS of less than 90 implies that the tumor can be dissected
off the ICA while AS more than 90 implies that it will prob-
ably require en bloc resection and vascular reconstruction (19).
In this study, AS had no sharp delineation between type I and
II tumors however, 90 or more splaying was a constant ﬁnd-
ing in Shamblin type III tumors as surgically classiﬁed.
Another relevant feature that needs to be emphasized on
the MSCT images or MRI is the DS length of the ICA between
the upper limit of the tumor and skull base. This is important
to identify the free distal stump of ICA needed for distal anas-
tomosis of the graft in case of ICA revascularization. Previous
studies recommended the need for a minimum 1–2 cm of DS
otherwise vascular anastomosis would be improbable despite
the availability of vascular team, thus tilting the decision to
non surgical therapy (20,21). In this study, it was evident thatDS is inversely proportionate with tumor size, however, the
shorter the DS, the more difﬁcult distal vascular anastomosis
could be done.
As the blood supply of CBT is abundant, acquiring preop-
erative information about tumor angiogenesis, cerebral vessels
and carotid vessels is indispensable for surgery. It should be
pointed out that, for the CBT of Shamblin type II or III, pre-
operative situation of the cerebral circulation should be known
as surgery may be associated with transient interference with
brain perfusion when the ICA is involved and mandates recon-
struction (22).
MSCT angiography is the method of choice in detecting
carotid body tumor. It shows the location, size, shape, and ex-
tent of the lesions and displays the lesion in any directions, it
clearly displays the relation between the tumor and carotid ar-
tery and gives reliable diagnostic information for surgical
intervention (23). This technique nulliﬁes the need for diagnos-
tic conventional angiography that may be limited to those pa-
tients with indeterminate ﬁndings it is also an effective and
reliable imaging method for postoperative follow-up re-
view. We found that MSCTA is also useful in evaluating the
anterior and posterior extent of the tumor, bone involvement,
relation, and distance of bone soft tissue interface from the
skull base. Maximum diameter of the tumor in the craniocau-
dal direction (MD), angle of circumferential encasement of
ICA by the tumor (ACE), angle of splaying of the carotid
bifurcation (AS), and distal free segment of ICA above the tu-
mor (DS).
MRI proved its usefulness as a noninvasive technique in the
diagnosis of CBT showing the classic MR imaging ﬁndings
that are a hyperintense mass on the T2-weighted sequences
splaying the carotid bifurcation. Post-contrast sequences
showed striking early phase arterial enhancement. Although
it can display the tumor vascularity, and bifurcation splaying,
on the negative side it has some limitations in terms of long
scan time, claustrophobia, patient motion artifacts and, its
inability to simultaneously inspect the brain and carotid arter-
ies (24); an issue that was compensated with high quality val-
ues in MSCT offering accurate data regarding both carotid
artery imaging and cerebral circulation.
In addition, CT exposes patients to ionizing radiation and
contrast material. When there is impaired kidney function,
MRI may be more accurate than CTA.
Special consideration in reporting must include some geo-
metric criteria made by MSCTA and MRI that have their
inﬂuence on the preoperative Shamblin classiﬁcation and pre-
diction of the perioperative difﬁculties. The most important
criteria are the ACE and AS and to a less extent tumor or max-
imum diameter in craniocaudal direction. The distal segment
of the ICA is important to decide operative excision with
ICA revascularization or the use of non surgical management.
Extended protocol to involve other types of paragangliomas is
380 R.O. Kaddah et al.not recommended as these criteria are speciﬁc to CBTs and
their relation to carotid arteries,
5. Conclusion
Revising the geometric criteria of CBTs obtained by MSCTA
and MRI would help in preoperative assessment of the CBTs.
Of these criteria, the degree of encasement of ICA, angle of
splaying, distal free segment and to a less extent tumor size
are very valuable predictors of vascular morbidity and surgical
outcome.
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